Regulation of lysophosphatidic acid receptor-stimulated response by G-protein-coupled receptor kinase-2 and beta-arrestin1 in FRTL-5 rat thyroid cells.
Lysophosphatidic acid (LPA) is a naturally occurring phospholipid that activates a variety of biological activities including cell proliferation. Three mammalian LPA receptor (LPAr) subtypes have been identified by molecular cloning, named lp(A1), lp(A2) and lp(A3), that are coupled to heterotrimeric G-proteins for signal transduction. The LPAr are endogenously expressed in the rat thyroid cell line FRTL-5 and we used the FRTL-5 cells permanently transfected to obtain moderate overexpression of G-protein-coupled receptor kinase-2 (GRK2) or beta-arrestin1 to study whether GRK2 and beta-arrestin1 desensitise LPAr-mediated signalling and regulate LPA-stimulated functional effects. Using RT-PCR we documented that lp(A1), lp(A2) and lp(A3) receptors are all expressed in FRTL-5 cells. We then analysed the signal transduction of the LPAr in FRTL-5 cells. Exposure to LPA did not stimulate inositol phosphate formation nor cAMP accumulation but reduced forskolin-stimulated cAMP. LPA was also able to stimulate MAP kinase activation and this effect was abolished by pertussis toxin pretreatment. These results suggest that LPAr are mainly coupled to a pertussis toxin-sensitive G-protein in FRTL-5 cells. In order to investigate whether GRKs and arrestins are involved in the regulation of LPAr-mediated signalling, we used the FRTL-5 cell line permanently transfected to overexpress GRK2 (named L5GRK2 cells) or beta-arrestin1 (L5betaarr1 cells). The ability of LPA to inhibit forskolin-stimulated cAMP accumulation was blunted in L5GRK2 and more markedly in L5betaarr1. The MAP kinase activation was also blunted in L5GRK2 and in L5betaarr1B cells. Exposure to 20 microM LPA increased the phosphorylation of extracellular signal-regulated kinases ERK1/2 by approximately 3-fold in L5pBJI cells (FRTL-5 cells transfected with the empty vector pBJI) while it induced a modest increase in L5betaarr1 and was ineffective in L5GRK2. We measured [3H]thymidine uptake in L5betaarr1B and in L5 GRK2 cells to test whether GRK2 and beta-arrestin1 could have a role in the regulation of LPAr-mediated cell proliferation. The mitogenic response induced by 35 microM LPA was substantially blunted in L5betaarr1 (-69+/-6%) and in L5GRK2 (-69.8+/-4.5%) cells as compared with L5pBJI. Our findings document that the receptor-mediated responses elicited by LPA are regulated by GRK2 and beta-arrestin1 in FRTL-5 cells and indicate that this mechanism is potentially important for the control of the LPA-stimulated proliferative response.